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@ Infrared ray aansor and method of manufacturing the same. 

© The infrared ray sensor (ncMo* a sensor suostrate (2) tanned of an urfrarad ray transmuting material 
and having a fast surface (2a) and a aacand surface (2fe) which is in opposed nfrmon to the feat surface 
an infrared ray reflecting tim (4) provided on me first surface (2a) of the sensor substrata (2). 
infrared ray decocting elements (7A. 7B) provided on ihe second surface (2b) of the sensor substrate (2), 
and an infrared ray translating window portion (3) formed in me infrared ray reflecting fibn (4) tn 
relation id the tarared ray detecting elements (7A, 7B). The infrared ray which enters the mhared ray 
ransmtatog window portjon (3) passes througn me sensor substrate (2) and is then made incident on 
the inftared ray detecting elements (7A, 73). Bridges (6A, 6B) are formed on the second surface (2>) of 
the sensor substrata (2). Each of me bridges (6A, 6B) is a sfcon o*yrulnde fibn having a single layer 
conftgufBtton. 
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Background of the invention 

The present Invention relates to an infrared ray 
censor tor measuring the teiTtperature of an ooject 
whose tamperaiwe te to be measured "m a non-con- 5 
tact state and a method of rnanufacturing such an 
infrared ray sensor. 

Infrared ray sensors designed to form an infrared 
ray detecting element (temperature sensing element) 
on a bridge above a substrate are Known. Sucn to 
Infrared ray sensors exhJbiUng an tn^ovod sensitivity 
have been proposed In, for example, Japanese 
Patent «aj*Open Nos, 1 78149/1 382 and 
277528/1887. 

Infrared ray sensors assigned to provide a is 
plurality of infrared ray detecting dements on bridge 
substrates have also been proposed- In such Infrared 
ray sensors, infrared raa3ation i3mad© incident on naif 
of the plurality of infrared ray detecting elements wh 3e 
it is not made Incident on the remaining half thereof. 20 
and the difference in tne two outputs is calculated. 
Consequent, adverse effect of me disturbance can 
be eliminated, and sertsmvfiy can trws be irnproved. 

Such conventional Infrared ray sensors, having a 
plurality of infrared ray detecting elements so that a 2$ 
difference between the output of the infrared ray 
detecting element to which infrared radiation is made 
Incident and that of the Infrared ray detecting element 
to wnkh no infrared radiation sa made incident can be 
produced, have die following concrete configuration, so 

Tnat is, two ceramic substrates each of which has 
an Infrared ray detecting element formed thereon are 
accomodated in a hermetic package having a win- 
dow through which infrared radiation enters. One of 
the substrates is connected to the distal ends of the 35 
terminal pins of the hermetic package in a state in 
which the infrared ray detecting element tnereof faces 
the wfndowso tfiat infrared radmtjon can enter tne e^- 
menL The other substrate is connected to the distal 
ends of die terminal pins of the hermetic package at 40 
a poston separated from me window so that no 
infrared radiation enters te infrared ray detecting de- 
ment. The difference In the output between the two 
infrared ray detecting elements is calculated, by 
which adverse effect of the disturbance can he eTmv- 45 

In recant years, attempts have been made to 
manufacture supersmaS infrared ray sensors by utili- 
zing the semiconductor rnicrofatmcaaon 
technologies. Photrtimographic and etching so 
technologies are used to form very arnalj bridge struc- 
tures on each of which an infrared ray detecting do- 
mam Is formed. In mis sensor, the bridges each of 
which has the infrared ray d etecting dament formed 
tnareon are formed on one surface of the sensor sub- 68 
strata, and Infrared radiation is detected from the dif- 
ference in the output between tha infrared ray 
de tec ti ng element on which infrared radiation is made 



oiodent and the infrared ray detec ting dement on 
which no infrwed radiation to made Incident, as in the 
fanner infrared ray sensor. 

However, me above-described conventional 
infrared ray sensors have the following drawbacks. 

In me configuration of the type in which the sup- 
stratsa are accommodated In the hermetic package, 
connection of the Individual suustrates to me termi- 
nals of me hermetic package makes manufacture of 
the sensor very difficult to terms of werkabSiry and 
reproducibility of mo poaiUm of the elements 

RmhBrmore,oneof the intared ray detecting de- 
ments must be disposed at the position where it does 
notface the window of the herrnetic package in a state 
where It is separated from me pacjesgo case through 
a predetermined distance. Also, it is difficult to main- 
tain the positional relation between the two Infrared 
ray detecting dements in an adequate state. This 
causes a slight amount of infrared radiation to he 
made incident on the infrared ray detecting dement to 
which no Infrared radiation is to be made incident The 
amount of infrared radiation which is incident on that 
infrared ray detecting dement varies depending on 
tne sensors. These necessitate inspection and cor- 
rection to be made on the assembled sensors, thus 
increasing amount of labor required to manufacture 
an infrared ray sensor exhibiting excellent character- 
istics. 

In the conventional infrared ray sensor manufac- 
tured by utilizing the semiconductor microfabrteation 
technologies, it is very difficult to make infrared radi- 
ation incident on one of the infrared ray detecting de- 
ments and to make no infrared radiation Jnctdem on 
the other because of its very small size. Accordingly, 
it is practiced to form a film made of a material which 
reflects infrared radiation, such as gold (Au) on one of 
the bridges. 

However, provision of the reflecting ffcm on the 
bridge changes the heat conducting state of the indi- 
vidual bridges, and this makes production of real dif- 
ference in me output impossible, it is therefore difficult 
to obtain a stable output, because of me advance 
effect of me disturbance. 

Also, in the latter conventional infrared ray sen- 
sor, me bridges and the substrates are made of the 
same material from the viewpoint of facilitation of 
manufacture and provision of strength, in this case, 
since there is no difference in the coefficient of ther- 
mal conductivity between tha stfrcon substrates and 
the infrared ray detecting den tents* me light receiving 
area of the sensor must be Increased in order to 
ootain an omput at a sufficient level Alternatively, the 
portion of the sensor from which heat escapes must 
be reduced. Corrvenoonatfy, tc is therefore difficult to 
reduce the size of tha sensor device. 

To achieve reduction in the size of the sensor 
device, the bridges are formed of material having a 
smaBer coefficient of thermal cooc^eovay than the 
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substrate materfe!- if the substraies are made of sfll- 
con, silicon ax»oe or sfltecn nitride fflm may do used. 

However, In me infrared ray sensor having the 
above- described structure, stress may be generated 
In the film curing me rrwiufacturing process due to a 
dffierence in mo coefficient of marrnaf axpan^ort be- 
tween the s^n substrate end the s&con oxide or 
con nitride film. This leads to breakage of the bridge. 
To prevent breakage, a laminated configuration of the 
silicon oxide or ssjcon nitride f3m which Is capable of 
canning the stress may be adopted. However, s^cn 
a laminated configuration is complicated, and is rea- 
diy directed by venations in me film thickness, result- 
ing m decrease in me yield of the manufacture Of 
bridge structure. Also, manufacture of sucn a film 
requires a very troublesome process. 

For selective etcfting of the laminated film made 
of silicon oxide and mat of silicon nitride, wntcrm con- 
ducted to obtain the bridge structure, different 
etchants end different etching conditions are used. 
This makes earning process complicated end difficult. 
Summary of me Invention 

Accordingly, an oojea of me present invendon Is 
to provide an infrared ray sensor which can eliminate 
provision of a reflecting film on a bridge and whicn 
enables infrared radiation la be made irtcjdantonjyon 
spectfiea infrared ray detecting element retiably so as 
to prevent adverse effect of the disturbance. 

Another object of me present invenfion is to pro- 
vide an infrared ray sensor which enables me output 
of an infrared ray detecting element to be taken out 
easily and wnkm is smail in m 

Another object of me present invenfion is to pro- 
vide an infrared ray sensor whose bridge structure is 
of me single layer and is not readily broken. 

Anotner object of me present invention is to pro- 
vide an Infrared ray sensor whicn enables the man- 
ufacturing process to be sanptified and whicn enables 
the optimum ftm forming conditions to be readily 
obtained so as to acfueve improvement in ma ylaia of 
thebndge lotmauon- 

Other objects and advantages of the present 
invention wUi become apparent from the fbiiowtng 
description taken in connection with the accompany- 
ing drawings. 

The present invention provides an Infrared ray 
sensor which comprises a sensor substrate formed of 
a materia} which transmits infrared ray and having a 
first surface and a second surface which is in opposed 
relation to the first surface, an infrared ray reflecting 
film provided on the first surface of the sensor sub- 
strata, an infrared ray detecting element provided on 
me second surface of me sensor substrate, and an 
mrreredreytrercmtftmgw^ 
ray reflecting film in rotation to the faltered ray detect- 
ing element for making Infrared ray which enters me 
infrared ray trartsrnstmg window Incident on the 
infrared ray detecting element through the sensor 



substrate* 

In the above configuration, two or more of the 
Infrared ray detecting elements may be provided on 
the second surface of the sensor substrata, and me 
Infrared ray tranernfttirtg window may be formed at a 
position where it aUows the Infrared ray to enter a 
specified infrared ray effecting etemem alone in the 
pluraflzyof infrared ray detecting elements. 

In the above ccrfteuration, a plurality of badges 
may be formed on the second surface of the sensor 
substrate. Tne mfrared ray detecting ejemems may 
respectively be provided on the prurafrty of bridges 
one on each bridge. 

According to the infrared ray sensor of the pre- 
sent Invention, it is possible to make the infrared ray 
Inddem on the specified infrared ray detecting ele- 
mem alone and not to make the infrared ray bidden; 
on me remaining infrared ray defecting element at all. 
Therefore, ft is not necessary to provide me infrared 
ray reflecting fUm on the bridge which would be 
required in me conventions} sensor not to make tne 
infrared ray incident, and the individual infrared ray 
detecting elements can thus be held under the same 
environment Consequently, a stable output which is 
not affected by the disturbance can be obtained by 
calculating the difference between the output of the 
mfrared ray detecting element on which the infrared 
ray is incident and the output of me inmaredrayo^BCt- 
ingeiemeru on which no infrared ray is rnaofe IricJdam. 

In the "mfrared ra^serworaccortfir^iotnepfasem 
irrvention, electrode pads may be lormed on the sec- 
ond surface of the sensor substrate, and be electn- 
caily connected to me infrared ray detecting 
elements. At that time, a terminal substrate having 
conductive layers at positions corresponding to the 
electrode pads on the sensor substrate^ electrode 
terminals respectively connected to the conductive 
layers may be provided. The sensor substrate Is fixed 
co ma Terminal subsuate in a ststo whereto the faec- 
al pads of the sensor substrate are joined to the 
conductive layers of me terminal substrate. 

In me infrared ray sensor according to the present 
invention, the sensor substrate can be joined to the 
terminal substrate on which me conductive layers are 
fbrrr^attheposmonscorre 
pads in a face down bonding fashion. TOs facOitBtBs 
taking out of the outputs of the infrared rey detecting 
moments, and reduces the overall size of tne Infrared 
ray sensor. 

Furthermore, me surface of the terminal sub- 
strme to whJch the sensor substrate £ joined nas a 
hole portion, and me surrounoSng of the hole portion 
Is seated completely when the sensor substrate to 
joined to the tsrrrttnaJ substrate. Therefore, when the 
joining work is done in a vacuum, the Infrared ray 
detecting elements can be sealed In a vacuum. This 
enhances the heat insulation between the infrared ray 
datactpig elements and die air and funher irnproves 
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the senstevfty and accuracy of the Infrared ray sensor. 
IntnolnJrajBdr^fiensvaccQraingtomoprssem 

of a roial exfubfistg efficient reflection, such as gold 
(Au). The infrared ray transmitting material may pea 
aemjcortdwaor material, such as sfficon or ger- 
manium. The use of silicon which is avaflaote at a 
cheap era Is desired. 

Furthermore, tn the infrared ray sensor according 
to the present Irtvemioru each of the undoes may be 
a sfllcon oxvnJtnoo (SiO, N ,) «m capable ofbaJano- 
ing stress. The sllcon cxynftride ffim may have a sJn- 
gMayar conjuration. 

In tWa way, a stable bridge structure can be 
obtained. 

The silicon axynftridefflm possesses the 
i^toofa^Kxjnoxkiefnmar^tnosectfa^a^jfiryt' 
ride fSm, te hence capable of balancing stress, and 
provfcfea « stable bridge structure. 

The optimum slicon oxynltride fBm forming con- 
ditions vaiy depending on the type of substrate used 
becai^ofd^TBTBncefnmecoemclent<jfheatexpajv 
Bion caused by the difference in trm sybstraa material 
or in the crystal face direction. 

Therefore, tn the infrared ray sensor according to 
me present Invention, me composition of the safcon 
oxynltride fBm, the values x and y of stoJcruometnc 
cooipoaiwn, ere changed in accordance with the rua- 
taiiHl of me sensor substrate. In this way. a bridge 
structure Having trie optimum f3m composition can be 
obtained in accordance with the composition of the 
sensor substrate. 

In the infrared ray sensor according to the present 
Invention, the thickness of the silicon oxynftride 1flm 
inay be between ai wid SQ pin. Afiim havl^ 
ness of Jess than 0.1 um is too thin and Is thus notsuf- 
feerray strong. AfBm which is 50 urn or more thick has 
a large amount of heat capacity, and nance has a 
deteriorated senakMty. 

An taared ray sensor according to the present 
invention may also comprise a sensor substrate fcr- 
med of a sorniconductor materia^ a bridge formed of 
a silicon oxynftriaeffim, the bridge being provided an 
me sensor substrate, end an Infrared ray detecting 
element provided on the bridge. 

The present invention further provides a method 
of manufacturing an Infrared my sensor, wtucn com- 
prises the steps of farming a slicon oxyntoldeigm by 
causing a reacbve gas to flow on a semkxmauctor 
substrate, patterning me osteon oxyrtitride ttm, and 
forming a hole portion by selectively rornsvfng a por- 
tion of the aamtaiductDrsubetrato 
pattemfrieTmoxynltideta so as to farm a bridge 
made of the sflicon oxyrftrfdeftm. 

Formation of the silicon oxyn&rjde fim b conduc- 
ed by. for example, plasma CVD (chemical vapor 
deposition) process. TOa process employs rnortosJ- 
lane (S*^ nttrogen $4£ and laushing gaa (NjO). In 



tms process, the stoichiometric composition x, y of 
thesaieon oxynttride mm can be controaed by chang- 
ing me gas flow rate ratio (Na/Ni+NzO) between rfe 
and MjO. and the difference in the coefficieraafthfa'- 
mal expansion between the sensor substrate and the 
siicort substrate can thus be reduced to substantially 
zero, This enables prevention of breakage of the sen- 
sor due to stress. 

According to tne manufacturing method of the 
present invention, the composition of the sricon 
oxynftrtoe film Is changed In accordance with a coef- 
fictem of thermal expansion of me semiconductor 
substrate by changing a gas flow rate ratfa of me reac- 
tive gas. 

Formation of me sBicon oxynitride fim may also 
be conducteo by sputtering. In the sputtering process, 
a siicon oxynitride fim Is grown as the silicon oxide 
ee the target. A mixture of argon (Ar) and nitrogen (Ny 
may De used as the sputtering gas. The use of this 
mixture enables me composition of trre sEcon oxynfr 
ride fim to be changed. 

Brief Description of tne Drawings 

Fig. 1 is a plan view of an embodiment of an 
infrared ray sensor according to the present 
tnverniori; 

F«. 2 is a rear view of the infrared ray sensor of 
Flg.i: 

Fig. 3 is a cross^secUon taken along the line 3-3 
off*, 1; 

Fig. 4 e a cms-section taken along the line 4-4 
of fig. 1; 

Fig. 5 is an exploded perspective view of the 
infrared ray sensor; 

Fig. 6 is across-sectional view of me infrared ray 
Sensor: 

Rgs. 7(A) to 7(F) are respectively cross-sectional 
views showing the rr»nuf»cturing process of the 
Infrared ray sensor; and 

Fig. 8 shows the relationship between the gas 
Row rate ratio and yield of bridge tamaaon. 

Description of the Preferred embodiment 

An eintwdiment of the present (nvertfonwai now 
be described with reference to the accompanying 
drawings. 

As shown in Figs. 1 to 4, a sensor device 1 base 
substantially square silicon substrate 2 whose one 
side te about 3 mm long. 

Ah^surfe^2a,Ue H afirstaorteco, oime3tf>- 
con substrata 2 is covered wjmonirr&uriJOrHyrQflectr 
lngfim4fbrredecdnginJre^ 
portion thereof which forTnsanirtfaredraytrsnsmft- 
Cng window portion 3. The tnmsreo ray reflecting fBm 
4 is maOo of gold, platinum, s3vor, ajioninum, titanium 
or mofibefenuftb chrorruum and is 50 nm to 2000 nm 
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thick. Various memoos, such as vapor deposition, 
sputtenrig, ion plating, km beam sputter&tg, CVD pro- 
cess (cnemica) vaporde p owfion process) and plating, 

4. The infrared ray transmitting window portion 3 is s 
covered wim a flm 4a wtvch prevents a incjcfero 
infrared ray redacting. "Rio flm 4a is made of ZnS, 
ZnSe and LiF, and D.l - 30 um truck. Various 
momods, eucn as vapor deposition, spurning. Ion 
Plating, ion beam sjjutiering, CVD, can ba used for to 
farming tne fBm 4cu 

A rear surface 2b» ie., a second surface, of me 
s3icon substrata 2 has a hols portion 5 having sub- 
atenttafly upright side walls and a flat bottom waj eta 
center meroot Two parallel bribes e* and 6B are-re- ts 
spectivery takj across the nolo portion 5. Each of ma 
onoges 6A and 68 Is a silicon o*ynftride film having a 
width of 1 00 um, a length of 2mm and a micknessof 
2 m- T he sflcon oxynitrtoa film which forms me 
bridges 6A ana ot is aj&o formed on the rear surface & 
2b of mo silicon substrata 2 except forma hole portion 
8. That is, mo rear surface 2b of me silicon substrate 
2 is level wim the surface of the bndges 6A and 6B. 

Infrared ray detecting elements 7A and 78 are re- 
spectively provided on the brieves 6A and 6B at the 25 
<»mraJpfot^mor©c*^ 

slicon (a-Si), pofycrystal adicon or germanium (for 
example; amorphous germanium(»-Go)) and nsvmg 
a thickness of 100 to 3000 ran. An amorphous ger- a? 
marrium Id preferably used for ffielrftaredrey deleting 
a iwtwte 7A and 7B fin orde r to be jo ined to electrode 
lines 8 and to get a large coefficient of S. The B is 
shown by below formula; 

R * Rp • okpCB/O/M/To)} ss 
where T 0 teO"K.Tisan absolute tamperaanef K), 
R* b a resistance value at 0 • K and R is a resistance 
value axT°K. 

Various methods Including sputtering, ion oeam 
sputtering and CVD process can be used to form the «o 
infwed ray detecting elements 7A and 70. The 
Infraredray mwsrreging window portion 3 la formed In 
me infrared ray reflecting ffim 4 at a position wnero ft 
allows infrared radiation to enter only one infrared ray 
detecting element 7a Therefore, tne infrared rad>- «s 
anon which passes through the irrrrsred ray transmit- 
ting window portion 3 a nor made incidenton the other 
infrared ray detecting element 7A at aa 

Bectrode lines 8 are respectively led from me 
infrared ray detoctng elements 7A and 7B along the a 
Dodges 6A and 6B. Tne electrode lines Q are respect- 
ively connected to electrode pads 8 formed at me 
porlpharaj portion of me sDkxw substrate 2. The eleo- 
trooe Snaa 8 and me electrode pads 9 are each for- 
med of titanium, motibdenum, aiuminurn, c r uomiu m, 55 
copper, nickel, tantalum, tungsten or poiysiijcen to a 
thJckness of 50 to 4000 ran using sputtering, ion beam 
spuuejing or CVD pr o c ess. 



Tne sensor device 1 having me aJxjvo^esafbeq 
configurate is food m a 

four terminal pms ia aa imownm R0s,5aTid& An 
upper surface 11a of the terminal substrate 11 has a 
hole portion 12 which is ettghtiy lergar In size than the 
hole portion 5 in me sAton substrata 2. Also, the 
upper surface 11a of the terminal substrate 11 has 
conductive layers 13 formed around me hole portion 
I2atposraonscorresporto3i^ 
of the sfltoon substrate 2. The cenouctrVe layers 13 
ate electrically connected to meupfwertdpcftwnsof 
me terminal pms 10. respecfivejy. An adhesive 14 
made of, for example, an spoxy resin ia coated on me 
rear surface 2b of the sfljeon substrate 2 on the 
peripheral portion thereof, by which the sJfcon sub- 
strate 2 is adhered and mecharacaliy fixed to me 
upper surface He of the terminal substrata 11 at a 
predetermined position. At the same time, me elec- 
trode pads 9 ofmesfiicon substrate 2 are respectlvefy 
laid on and electrically connected to the conductive 
layers 13 of the terminal substrata 1 i oyrnesro of sol- 
dering or me like. 

The silicon substrate 2 may also be Joined to the 
terminal substrata n using anode process or setter 
sealing. If jointing work of me si) icon substrate 2 to the 
terminal wbstrate 11 Is conducted in a vacuum, me 
infrared ray detecting elements 7A and 7Bceyi be held 
in a vacuum. Jointing work of tteitfjeoji substrata 2 
to the terminal Substrate 11. vrfuch is conducted in an 
inactive gas. such as nitride, helium orergoo, aflows 
the infrared ray detecting elements 7A and 7B to be 
held In me inactive gas. 

in me Infrared ray sensor arranged in me manner 
described above, me infrared ray detecting elements 
?Aana7BareprovW8donmer^sun^2bofme 
sflteon substrate 2, and the UTfreiedreyrenecdngfSlm 
4 with me Wrared ray transnWng window portion 3 
formed in opposed relation to the infrared ray detect- 
ins element 78 is coated on tne from siirra^ 2a of the 
silicon suostrate 2, as stated above. Infrared radiation 
which enters the infrared ray trarism&tmgwmc^ por- 
tion 3 passes through the sflfcon substrate 2 and 0 
men made incident on die specified infrared ray 
detecting element 7B alone. It is therefore possible to 
make infrared radiation enter only one infrared ray 
detecting element 7B and to make no Infrared radi- 
ation to enter mo other Infrared ray detecting element 
TAetaB. 

Consequenfly, it is not necessary to provide an 
infrared ray reflecting flm on the bridge In order to 
flock Infrared radiation, unlike the conventional sen- 
sor clamant and mo Individual Infrared ray detecting 
elements can mus be held under the same emrfron- 
mants. Asa result, a stable output which fe not afrsc* 
tedDytheolsturbaju^canbeo^ 
thn aiTcfcnco berweon the output of the Infrared ray 
detecting element 7B on which mfhared radiation Is 
made Incident and that of the infrared my detecting 
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element 7A on which no Infrared radiation )s made 
incident 

Furthermore, In the oboy^KJescmjed infrared ray 
sensor, since the electrode pads 9 oecoicaiiy con- 
nected to the Infrared ray detecting dements 7A ana s 
7Daretbnnedontherbarst0f^2t>flfmes3la»isu> 
strata 2, me sensor substrate 2 can be Joined to the 
terminal substrate 1 1 on which me conductive layers 
13 am fanned at me positions corresponding to the 
eJectnxtepadaOinafacedown bonding feshioaTnl* to 
fecS&atos taking out of the output of me Infrared ray 
dtfecdng elements 7A ami 7B, and reduces the over- 
au size of die infrared ray sensor. 

Fimnerrnore, me upper surface of die tennihal 
substrate 1 1 to which the silicon substrate % is jomed t $ 
has the note portion 12. and the hole pardon 12 is 
completely sealed when me sBrcon substrate 2 is 
joined to the terminal substrata 11- Also, this jointing 
wo^feconductsdinavaa^ 
detecting elements 7A and 7B can be sealed in a 20 
vaewn. Consequently, hear insulation between the 
infrared ray detecting elements 7A and 78 and the air 
can be enhanced, and me sertsrtMy and accuracy of 
the Infrared ray sensor can thus further be nnproved. 

Furthermore In the above-described infrared ray 28 
sensor, me bridges 6a and 68 are of the smtf slayer 
typ* and are formed of silicon oxymtrkte widen 
assures balanced stress. Consequently, the differ* 
enee in the coefficient ofmermal expansion between 
the bridges and me siicon substrate can be substan- 50 
tfaHy reduced to zatu. This provioes a stable bridge 
suncture and eliminates breaJcage of me bridges 
whfcn would otherwise occur during me rnanufactur- 
ing process. 

Figs. 7(A) 10 7lF) show me manufacturing pro- ss 
cess of the infrared ray sensor according to me pre- 
sent Invention, first, the silicon substrate 2 having a 
fcce direction (HO) was prepared, as shown in Fig. 
7(A). Next, a a* icon ©xynfofde film (SrO^ N,) 15 was 
fanned on the two surfaces of me silicon sucstrata 2 40 
to a thickness of 2 um by plasma Cvp process, as 
shown in Fig. 7(B). That is. me s$con substrate 2 was 
heated to 460 "C. and men vapor grewm of s&con 
ojQfnlfirfde on the sSjcon substrate 2 was perfbnned 
under a pressure of 0.45 Torr using as me reactive 4S 
gasmonos3ane (SiHJ, nitride (Nj) and laughing gas 
{N20>ThehighfreQ^ncyaitpi4wM 
rates of nomosflane. nitride and laughing gas were n> 
epeodvety 15SCCM, 203 SCCM and 32 SCCM. 

The thus-formed slfcon oxynJWde Rm 15 was so 
enalyzed by Rutherform bactecattaring spec- 
tremetry. The oompoa&on of the 18m was 

Subsequently, the sfllcon oxynfthde fiJms were 
patterned to obtain the bridge patterns 6A and 6B 65 
shown in Fig. 1. This patterning may be conducted 
una the sllcon substrate 2 is exposed by, for 
example, reacts Ion etcr^ 



(CHFb) and oxygen (O*) were used as the etching 
gas. The flow rate of me median trifluortde was 47.5 
SCCM, and that of oxygen was Z8 3COM. 

The pressure applied during the etching was 
0J>75 Ton* and the high-frequency output was isovy 
Etching continued three hours. 

Therefore, the infrared ray detecting element 73 
shown in F&, 7(C) was respectively toned on the 
bridges fiA and 6Bat me central portion thereof. Thai 
is, an amorphous germanium (a-Ge) was formed on 
me sjteon oxynJtride film 15 and the silicon substrate 

2 by conducting sputtartng using geimanium as me 
target Argon (Ar) and hydrogen {Hd were used at the 
flow rate of 2 SCCM and 1 SOCM. The pressure was 

3 x 10 ^ Ton", and the nigh-frequency output was 
200VV. Sputtering continued for ten minutes. 

Next, annealing was conducted at 5Co Q c far 20 
minutes to make amorphous silicon pojyerystaiJlne. 
Subsequently, me poiycrystratJine silicon ftm was 
patterned by reactive ion etching. TTrerefcf* the elec- 
trode r^g shown mr^. 7(D) were ^ 
ing an aluminum film on me surface of the silicon 
substrate 2 by vapor deposition and then by pattern* 
ing the film. 

Next, the sflicon substrate 2 located below the 
bridges 6A and 6B was selectively removed by etch- 
ing 10 form the hole portion 5 shown in Fig. 7(E). This 
etching was anisotropic etching which used aqueous 
soJudon of hydrogine. This anisotropic etching may 
also use aqueous solution of potassium hydroxide. 

Next, after tnesaicon axynitride film 15 formed on 
me front surface 2a of me silicon substrate 2 was 
removed by etching , the Infrared ray reflecting film 4 
was fanned on me front surface 2a of me silicon sub- 
strate 2 by. tor example, deposition, es sh own in Rg. 
7(F). The infrared ray reflecting ftm 4 may be made 
of platinum. Thereafter, the infrared ray tranrrottfng 
window portion 3 was formed in me irtfrared ray ref- 
lecdng film 4 by the known photolithographic tech- 
nique at a position where it faces the Infrared ra y 
detecting element 7B on me bridge 68. The coen> 
cient B was about 4000X 

Fig. 8 shows me relationship between the gas 
flow ^ ratio(Ny^2+NaO» when the sficcn oxyni* 
ride 16 is formed and the yield of the brieve formation. 
as can be seen from the graph, the fugftest yield was 
obtained when me flew rate ratio was 0.665. At the 
time, the efficiency was about 759L Are rate ratio ' 
of 0.870 or above, the siicon substrate 2 was curved 
aHar annealing wtuch was conducted at«0°C. 

In case that aniorptausstfcon Is used as Infrared 
ray detecting elements, me manufacturing process in 
Figs. 7{C) - 7(E) is as foOowsj 

The Infrared ray detecting element 7B shown in 
Fig. 7(C) was respectively formed on the bridges GA 
and 68 at the central portion thereof. That Is, an 
amorphous silicon (a~£j) was fonned On the eEcon 
oxynitriflefam ISajKlthesHicon substrate 2 by con- 
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dueling sputtering using sojeon as ma target. Argon 
(AO and hydrogen (Hz) were used at me flow rata of 
2 SCCM and 1 SCCM Trie pressure was 3x10-9 
Torr, and the higrtffequency output was 200W- Sput- 
tering coruttired tor ten minutes, s 

Next annealing was conducted at 1lOO°Cfor20 
minutes to make amorphous saloon poiycrystaUine. 
Subsequently, me porycrystraline silicon film was 
patamea by reactive ion etching. Therefore, me elec- 
trode pacts 9 enown in Rg. 7(D) were fanned by farm- to 
ing an aluminum film on me surface of the si ton 
auoajare 2 Dy vapor deposition and men by pattern- 
ing the film. 

Next the silicon substrate 2 located below me 
tmdges BAandeB was selectively removed by etcn- is 
ing id form me noje pordon S enown In Fig, 7(E). This 
etching was anisotropic atoning which used aqueous 
solution of hydrogine. This anisotropic etching may 
also use aqueous solution of potassium hydroxide. 

Next, after me silicon oxyniinae nun 1 5 formed on w 
the front surface 2a of me silicon substrate 2 was 
removed by etching, me infrared ray reflecting film 4 
was famed on the front surface 2a of the saloon eub- 
siratB 2 by, for example, deposition, as shown In Fig, 
7(F), The infrared ray reflecting film 4 may be made 2$ 
of platinum. Thereafter, me infrared ray transrnimng 
window portion 3 was formed In the ray reflecting film 
4 by the known pfxMDliihograpnk: technique at a posi- 
tion where it faces the Infrared ray detecting element 
7B on me bridge 68. In mis case, me coeftcient B was w 
about 3500K. 

The case mat amorphous germanium is used, 
annealing may be not conducted. Also, annealing at 
more man 500 «C, is not desired, if annealing is con- 
ducted Us temperature, me fUm 4a comes off. There 35 
is an advantage in me case that amorphous ger- 
manium is used. Tne advantage Is mat me electrode 
can be previously formed because of the low anneal 
temperature, 

Tne present embodiment* are Olusirairve and not 40 
restnetive, and various changes in the present Inven- 
tion may therefore be resorted to without departing 
from me spirit of esseraial cnaractarfsacs thereof. For 
example, in the above-described embodiments, me 
bridges 6A and 68 have a linear configuration and are «5 
supported at me two points. However, mey may be 
supported at three points in order to increase me 
strength thereof. Also, the bridges 6A and 68 are 
mt^^<mmcsun^ceofmeeaiconsubssi^ze2inthe 
above embodiments. However, they may have an so 
arcuate form* 

in the above-described en^bodimerds, the silicon 
substrate 2 was used as tne sensor substrate which 
transmits infrared radiation. However, a germanium 
suostraxamayai80beu*ed.Furih^ *ff 
2a of the si icon substrate 2 may be formed in a lens- 
Ufee shape so that me infrared ra4Mori which erders 
the Infrared ray ransmtoing window portion 3 o con- 



verged to the Infrared ray detecong eteman: 7a Fur- 
mermore, mree or more infrared ray detecting ele- 
ments may be provided- 

Furthermore, in the aoove^esenbed embodi- 
ments, me bridges 6A and 6B were formed of silicon 
axynitride. however, it may be made of sBcon oxide 
or saloon nitride. 

Alternatively, the bridges 6A and 6B may have a 
multityer structure. 



Claims 

1. An infrared ray sensor IncJueSng a sensor sub- 
strate (Z) fbrrned of an Infrared rey transmWrig 
material and having a first surface {2«0 and a sec- 
ond surface (2p) which « in opposed relation to 
said first surface (2a), and infrared ray detecting 
element (7A, 7B) provided on said second sur- 
face (2o) of said sensor substrate (?), 

the hnprovement being charactertzod by 
me Incluarton of an Infrared ray reflecting Urn (4) 
provided on said first surface (2a) of said sensor 
substrate (2}, artd aji tnfre/ed r^ 
qow portion (3) formed In said infrared ray reflectr 
ingtHm (4) in relation to said Infrared ray detecting 
elemem(7B) so as tomato the infrared ray which 
enters said inflated ray &BJismjtt^wmoW por- 
tion (3) incident on said Infrared ray delecting ele- 
ment (78) through said sensor substrate (2). 

2. An infrared ray sensor according to claim 1, whe- 
rein two or more of said infrared ray detecting ele- 
ments are provided on said second surface of 
said sensor substrate, and wherein said infrared 
ray transmitting window portion is formed at a 
position where It ajiows the irOrared ray to enter 
a speclhed infrared ray detecting etementaione m 
said plurality of infrared ray delecting elements, 

3. An infrared ray sensor according to daim 2. 
furmercompflslnga plwalfry of pr^os formed on 
said second surface of said sensor substrate, 
said infrared ray detecting elements being re- 
spectively provided on said pturaffy of bridges 
one on eacn bridge. 

4. An infrared ray sensor according to either of 
claims 1 to 3, further comprising electrode pads 
formed on said second surface of said sensor 
substrate, said electrode pads being eJedricajiy 
connected to said infrared ray detecting ele- 
ments. 

5. An infrared ray sensor according to claim 4, 
further comprising a terminal substrate having 
conductive layers at positions corresponding to 
aakj electrode pads on eaid sensor suhstrateand 
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eiectrode terminate respectively connected to 
said conductive layers, said sensor substrate 
being fixed id said terminal subs&ate in a stats 
wherein said electrode pads are joined to sari 
conductive layers of said terminal suosra& 

& An Infrared ray sensor accordm^ to aa(m 5, wne- 
rein a ewfaoe cf said ttrmina! substrata to wfiteh 
sakj sensor substrate is joined has a hole portion, 
the surrounding of said note portion being sealed 
when said sensor substrate (a joined to said ter- 
minal substrate. 

7. An infrared ray sensor according so either of 
claims 1 to 6, wherein said Infrared ray reflecting 
f3rn comprises a metal film, 

8. An Infrared ray sensor according to either of 
claims 1 to 7, wherein said infrared raytransmi- 
tfftg material comprises s3icojv 

9. An Infrared ray sensor according to either of 
claims 1 10 7, wherein said infrared ray transmfc- 
ting rnaiDnal comprises germanium. 

10. An infrared ray sensor according to either of 
cjaona 3 to a, wherein said bridges are made of a 
silicon oxynitnde film. 

11* An infrared ray sensor according to claim 10, 
wrtarem a composition of said silicon oxyrtfortde 
f8m Ss changed in accordance witt the material of 
i sensor substrate. 



10 



forming a hole portion by selectively 
removing a portion of said semiconductor suo- 
strate located per ow said patterned safcoflaxynit- 
ride fflm so as to form a bridge made of the silicon 
oxyniolde ifira 

1& a method of manufacturing an srfraredr^ sensor 
according to claim 16, wherein a composition of 
said sifcon oxynitrlde flm Is changed in accord- 
ance with a coefficient of thermal expansion of 
said sarmconductor substrate oy changing a gas 
flow rare ratio of saW reactive gas. 



30 



12* An Infrared ray sensor according to dam 11, ss 
wherein said silicon oxynitnde f*m has a tniefc- 
ness which is varied in accordance with me ma- 
tertaj of said sensor substrate. 

13. An infrared ray sensor axordlng to daim 12, to 
wheretn said silicon axymctdo ftm has a trucK- 
ness ranging from 0. i to 50 jim. 

14 An Irtfrered ray sensor comprising: 

a senaor suostrate formed of a semicon- 49 
auccor material; 

a Pridgs formed of a silicon ocynixride fQrn, 
said bridge being provided on said sensor sub- 
s£raxa> and 

an infrared ray detecting element pro vfdod so 
on said bridge. 

lev A method of rrianjufacturing an infrared ray sen- 
sor; comprising the steps of; 

forming a sflteon oxyrtftrfda tern by causing ss 
a reac five gas to flow on a semiconductor sub- 
strata; 

panenwrtg ssJd sjJicon orynltrideftm; and 
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